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඙෇㸧 Fig.1-1　基幹的な農業水利施設の内訳（農村振興局整備部水利整備課施設管理室，2004）Number and type of principal agricultural facilities (Rural development Bureau, Rural Infrastructure Department, Water Resource Division, Facilities Management Ofﬁce, 2004)
Fig.1-2　農業水利施設のストック形成状況（農村振興局整備部水利整備課施設管理室，2004）

















































































































































































































































































































































































































































































































































































































































































Cracks that occurred at the center of sidewall of irrigation canal
Fig.2-2　凍害により水路側壁に発生した網の目状のひび割れ
Map Cracks at the sidewall of irrigation canal due to frost attack
Fig.2-3　ASRにより水路側壁に発生したひび割れ
Cracks on the sidewall of irrigation canal due to ASR
Fig.2-4　外力（車両荷重）により発生したひび割れ






















































Sidewall and base concrete of irrigation canal that 
coarse aggregates were exposed
Fig.2-6　選択的摩耗による粗骨材の露出状況
Exposed coarse aggregates due to abrasion
Fig.2-7　ジャンカが徐々に洗掘されてできたと思われる断面欠損
Losses in concrete cross-sectional area with progress of honeycomb
Fig.2-8　凍害による断面欠損





















































Damages of canal joint at the sidewall and base concrete
Fig.2-11　劣化した目地材
Deterioration of joint materials
Fig.2-12　目地材の脱落
Loss of joint materials
Fig.2-9　地震による側壁コンクリートの剥落



















































Opening of canal joint by earthquake
Fig.2-16　地盤沈下により不同沈下した水路
Differential settlement due to sinking of foundation
Fig.2-13　目地からの漏水
Leakage from canal joint
Fig.2-14　目地からの土砂の吸出しによる背面地盤の陥没
Sinking of ground at the back area of canal joint due to 



























































Gap of concrete body and damage of canal 
joint due to the fault
Fig.2-19　躯体の浮上りによるずれ（土木学会，1966）
Damage of canal joint due to uplift of canal body
Fig.2-20　張ブロックの崩落（土木学会，1966）
Collapse of concrete lining
Fig.2-17　 新潟地震における開水路の被害形態（土木学会（1966）
より作成）
Damage classiﬁcation of open canal by the 






































Damage rate according to the structural classiﬁcation of open canal by the Middle Japan Sea Earthquake in 1983
Fig.2-23　不同沈下による躯体のずれ（土木学会，1986）
Shift of canal body due to differential settlement
Fig.2-21　新潟地震における開水路の構造別被害率（土木学会（1966）より作成）
Damage rate according to the structural classiﬁcation of open canal by the Niigata Earthquake in 1964
Fig.2-24　台座からの躯体の落下（土木学会，1986）
Falling of canal from a pedestal
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されている（東北農政局，1984）。







地震から約 2ヵ月半経った 2007年 10月 4日～ 5日に，
被害が集中した新潟県柏崎地域振興局管内における農業
用開水路の被害状況調査を行った。調査は開水路を対象




































Damage rate according to the geological features of open canal foundation by the Middle Japan Sea Earthquake in 1983
Fig.2-26　目地部コンクリートの剥落
Stripping of concrete at a canal joint
Fig.2-27　コンクリートが連続して剥落した状態


























Crack extended from the end of a water stop
Fig.2-29　ブロックの崩落
Breakage and collapse of concrete brocks
Fig.2-30　ブロックの捲れあがり
Damage of concrete blocks
Fig.2-31　柵渠における柵板の崩落
Breakage and collapse of fence boards of a drainage canal
Fig.2-32　柵留め杭の破損状況
Damage to guard pile of a concrete drainage canal
Fig.2-33　二次製品水路における躯体のずれ




















































Separation of a precast concrete canal joint
Fig.2-35　高盛土に近接した水路における側壁の倒壊
Collapse of canal sidewall besides a high embankment
Fig.2-36　高盛土に近接した水路における側壁の変形
Deformation of canal sidewall besides a high embankment
Fig.2-37　水路の突出による分水枡側壁の損傷






































































Standard cross section of the damaged concrete canal
Fig.2-39　供試体（Aタイプ）の形状および寸法
The shape and size of test specimen (Type A)
Fig.2-40　供試体（Bタイプ）の形状および寸法
The shape and size of test specimen (Type B)
Fig.2-41　供試体（Cタイプ）の形状および寸法













示す。供試体番号の A-1～ A-3は Aタイプ，B-1～ B-3
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Physical properties of the water stop and the joint material
Table 2-2　供試体のコンクリート配合
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供試体 A-1については，Fig. 2-51 に示すように目地
に近い部分（表裏上下 25mm）が圧縮応力 1～ 2N/mm2
で急激に 0.1mm程度変位し，5～ 10N/mm2で 変位量が
0.2mmに達している。一方，目地から遠い部分（表裏上
下 100mm）は，5～ 8N/mm2で変位量が 0.1mmに達し
ており，変位量が 0.2 mmに達するのは 17～ 20N/mm2
である。 
供試体 A-2については，Fig. 2-52に示すように目地
に近い部分が圧縮応力 1～ 2 N/mm2で急激に 0.1mm程
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Fig.2-55　 圧縮応力と変位の関係（B-2）
Relation between compression stress and displacement (B-2)
Fig.2-53　圧縮応力と変位の関係（A-3）
Relation between compression stress and displacement (A-3)
Fig.2-54　圧縮応力と変位の関係（B-1）
Relation between compression stress and displacement (B-1)
Fig.2-52　圧縮応力と変位の関係（A-2）
Relation between compression stress and displacement (A-2)
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また，Fig. 2-51～ Fig. 2-53において目地に近い止水
板付近が供試体短軸方向外側に 0.1mm程度急激に変位
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Fig.2-58　圧縮応力と供試体長軸方向変位の関係（A-1）
Relation between compression stress and displacement along the 
major axis (A-1)
Fig.2-56　圧縮応力と変位の関係（B-3）




Relation between compression stress and displacement （C-1）
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況を Fig. 2-62～ Fig. 2-69に示す。なお，Fig. 2-62，Fig. 

































Relation between compression stress and displacement along the 
major axis (A-2)
Fig.2-61　ひずみゲージなどの配置状況
Arrangement of strain gauge
Fig.2-60　圧縮応力と供試体長軸方向変位の関係（A-3）

























































Occurrence of cracks during the loading test (specimen1)
Fig.2-63　供試体 1の試験後の破壊状況
Destruction situation of the test specimen1 after the loading test
Fig.2-64　供試体 2の載荷途中のひび割れ発生状況
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Fig.2-65　供試体 2の試験後の破壊状況
Destruction situation of the test specimen2 after the loading test
Fig.2-68　供試体 4の載荷途中のひび割れ発生状況




Destruction situation of the test specimen4 after the loading test
Fig.2-67　供試体 3の試験後の破壊状況
Destruction situation of the test specimen3 after the loading test
Fig.2-66　供試体 3の載荷途中のひび割れ発生状況
Occurrence of cracks during the loading test (specimen3)
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し，1～ 2N/mm2で 1,000～ 2,000μに達している。また，
止水板端部の縦ひずみについても，圧縮応力が 1N/mm2









　さらに，Fig. 2-74～ Fig. 2-77より，止水板端部の横




Fig. 2-70～ Fig. 2-73に示すように，供試体コンクリ
ートの横ひずみは，いずれの供試体においても圧縮応
力が 1N/mm2に達する前に急激に増大し，最大圧縮応力
























Relation between compression stress and strain (specimen1)
Fig.2-71　圧縮応力とひずみの関係（供試体 2）
Relation between compression stress and strain (specimen2)
Fig.2-72　圧縮応力とひずみの関係（供試体 3）
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ṆỈᯈ➃㒊⦪ࡦࡎࡳṆỈᯈ➃㒊ᶓࡦࡎࡳȧᆺኚ఩ィኚ఩ Fig.2-77　 圧縮応力と止水板端部のひずみおよび短軸方向変位の関係（供試体 4）Relation between compression stress, strain at the end of water stop, and displacement along the minor axis
Fig.2-73　圧縮応力とひずみの関係（供試体 4）
Relation between compression stress and strain (specimen4)
Fig.2-78　供試体 1の圧縮応力とひずみの関係
Relation between compression stress and strain（specimen1）
Fig.2-74　 圧縮応力と止水板端部のひずみおよび短軸方向変位
の関係（供試体 1）
Relation between compression stress, strain at 
the end of water stop, and displacement along 
the minor axis (specimen1)
Fig.2-75　 圧縮応力と止水板端部のひずみおよび短軸方向変位
の関係（供試体 2）
Relation between compression stress, strain at 
the end of water stop, and displacement along 
the minor axis (specimen2)
Fig.2-76　 圧縮応力と止水板端部のひずみおよび短軸方向変位
の関係（供試体 3）
Relation between compression stress, strain at 
the end of water stop, and displacement along 
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Fig.2-79　供試体 1の圧縮応力と止水板端部のひずみの関係
Relation between compression stress and strain at the end of water 
stop（specimen1）
Fig.2-80　供試体 1の圧縮応力と長軸方向変位の関係




























































































































































































































Survey of effective events by hammer test
Fig.3-3　リバウンドハンマーによるコンクリート圧縮強度の測定
Measurement of concrete compression strength by rebound hammer
Fig.3-4　ドリル法による中性化深さの測定






















































Outline of continuous digital scanning system using laser beam
Fig.3-7　CCDラインカメラによる壁面画像撮影状況（森ら，2006）
On-site survey using CCD line camera system
Fig.3-8　 CCDラインカメラによる水路トンネルの壁面画像（森
ら，2006）
Continuous digital pictures of irrigation tunnel lining 
using CCD line camera system
Fig.3-6　レーザー光による水路トンネルの展開画像（森ら，2006）




























































Fig.3-7 CCD ラインカメラによる壁面画像撮影状況（森ら，2006） 
On-site survey using CCD line camera system 
 
 
Fig.3-8 CCD ラインカメラによる水路トンネルの壁面画像（森ら，2006） 








た粗度係数 n を説明できる変数を明らかにした。具体的には，模擬摩耗コンクリート板の凹凸形状の最大高さ Rz（粗
さ曲線の平均線から最も高い山頂と最も深い谷の合計）および算術平均粗さ Ra（粗さ曲線の平均線からの高さの絶対





ks＝0.26×Rz，もしくは ks＝2×Ra                         （3-2） 
  
ここに，ks：相当粗度，g：重力加速度である。 
現地水路における凹凸形状の最大高さ Rz や算術平均粗さ Ra を正確かつ効率的に算定する方法として，携帯型粗さ

























 ݗҜЂऺ൉Fig.3-9　 携帯型粗さ測定装置による水路表面の凹凸形状の計測状況（中矢ら，2008b）Measurement of roughness of concrete surface using mobile measurement system with laser range ﬁnder
Fig.3-10　 携帯型粗さ測定装置による水路の表面凹凸の計測結果
例（中矢ら，2008b）
Result of roughness of concrete surface using mobile 
measurement system with laser range ﬁnder
Fig.3-11　頭首工堰柱の赤外線画像（森ら，2002）























































Measurement of a structure using 3D digital laser scanner
Fig.3-14　トンネル覆工の崩落の例
Collapse of a tunnel concrete lining
Fig.3-15　トンネル覆工に発生したひび割れの例
Cracks at the surface of a tunnel concrete lining
Fig.3-12　ダム洪水吐躯体の赤外線ラインスキャン画像（森ら，2006）





























































































Floating apparatus for taking continuous digital view of tunnel lining
Fig.3-17　開水路での基本性能確認試験の状況












































































Comparison between a picture by CCD line camera system and a 









































Comparison between a picture by ﬂoating apparatus 




Remotely operated vehicle with crack scale
Fig.3-23　 水中ロボットカメラによるサイホンのひび割れ調査
状況




A picture by a remotely operated vehicle under 






































































































































































































































式（4-1）に，舗装の状態の評価基準を Table 4-3に示す。 
㸦༢఩㸸%㸧 
 
0 10 20 30 40 50㸯㸬↓Ḟ㝗 100 73 56 40 30 21㸰㸬ᑠࡉ࡞ࢡࣛࢵࢡࡲࡓࡣ⾲㠃๤㞳 0 17 19 15 11 8㸱㸬㕲➽㟢ฟ㸪᩿㠃Ḟᦆ 0 6 8 7 6 4㸲㸬ࡉࡽ࡟㐍⾜ࡋࡓᦆയ 0 4 12 16 17 13㸳㸬ᔂቯ 0 0 5 22 36 54౪⏝ᖺᩘ㸦ᖺ㸧⌧ࠉࠉࠉࠉ≧
 
















5  䡐 1 ᡬᥦ䛎
Table 4-1　損傷劣化進行（RC床版）（藤井・前川，1995）
Deterioration progress (RC slab)
Table 4-2　橋梁部材の健全度評価基準（北海道建設部，2006）
Soundness evaluation standard of bridge materials
Fig.4-1　PC橋床版の劣化予測モデル（北海道建設部，2006）
Deterioration prediction model of PC slab at a bridge
Table 4-3　舗装の状態の評価（武山ら，1990）
Soundness evaluation of pavement
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Fig.4-2　舗装状態の推移確率の経年変化
Secular change of transition probability of pavement
Fig.4-3　桟橋床版の劣化進行予測結果（中川ら（2004）を一部修正）
Result of a prediction of deterioration progress at a slab of a pier
Table 4-4　桟橋の劣化度判定基準（中川ら，2003）
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Comprehensive evaluation standard of wide area master plan survey
Table 4-6　広域基盤整備計画調査の既往データ
A number of soundness data of wide area master plan survey
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Fig.4-4　供用年数別劣化度の割合①
A rate of deterioration stage according to a service period (1)
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Fig.4-5　供用年数別劣化度の割合②
A rate of deterioration stage according to a service period (2)
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た劣化予測モデルを作成した。ここで，マルコフ連鎖は，





             
とおくと，確率の基本性質から






劣化度ランクは C→ B，B→ Aの過程で推移する。こ





















Fig. 4-4および Fig. 4-5の供用年数別劣化度の割合を用




















タの偏差の二乗などに乗じた値を用いて計算を行った。ډӄైঝ 0 1 2 3
C 100 99 98.01 97.0299
B 0 1 1.97 2.9107
A 0 0 0.02 0.0594
ԇ༟ҠஶƶৱǉǓԥݜá%â ঍Ѓԏ໓áCğB¿1%»BğA¿2%â
 







A number of soundness data of wide area master plan survey
Table 4-7　劣化度推移表の例
Example of transition probability
Table 4-8　開水路（土木）の劣化度推移確率候補
Temporary transition probability for a prediction of deterioration 
progress of open canal
農村工学研究所報告　第 51号　（2012）82
また，Table 4-8の推移確率の組み合わせ 5× 5=25通
りについて決定係数を算定した結果を Table 4-10に示
す。Table 4-10より，決定係数の最大値は R2＝ 0.9496
であり，このときの推移確率は，劣化度 C→ Bが
2.4%，劣化度 B→ Aが 3.4%となった。











Fig. 4-7および Fig. 4-8に示す。なお，実データとの比
較のため，Fig. 4-4および Fig. 4-5の供用年数別劣化度
分布を重ね合わせて表示している。
Fig. 4-7および Fig. 4-8に示すように，劣化予測モデ
ルを作成することで，より明確に工種区分別，施設区分
別の劣化傾向が確認できるようになった。例えば，土木
༟Ҡஶ ȂÓǺঝN ׼ພైঝ&%ైյԗ ׼ພైঝଇյై ࡑȂÓǺx iáĊâ ڐ߬૮y iáĊâ x i -x൲ج'×N ˄ (y i -y൲ج'×N¸˅ x i -x൲ج(y i -y൲ج×N¸ˆ
A 218 0-9 5 0.9 0.7 229071.9 232624.2 230841.2
A 364 10-19 15 1.6 5.9 365432.7 274763.1 316871.3
A 455 20-29 25 6.6 14.1 325335.0 168762.9 234317.0
A 550 30-39 35 25.5 23.6 34141.1 52283.3 42249.4
A 195 40-49 45 37.9 33.3 4153.9 0.1 -17.4
A 14 50-59 55 28.6 42.6 317.5 1211.0 -620.0
A 0 60-69 65 0.0 51.2 0.0 0.0 0.0
A 1 70-79 75 0.0 58.9 1111.1 651.4 -850.8
B 218 0-9 5 2.3 9.9 210035.2 120116.3 158835.3
B 364 10-19 15 12.6 22.5 155909.1 42611.0 81507.4
B 455 20-29 25 25.9 28.6 24910.6 10261.0 15987.7
B 550 30-39 35 38.4 30.5 13917.4 4377.2 -7805.1
B 195 40-49 45 28.7 29.9 4153.8 2248.8 3056.3
B 14 50-59 55 50.0 27.9 3888.9 406.1 -1256.8
B 0 60-69 65 0.0 25.2 0.0 0.0 0.0
B 1 70-79 75 0.0 22.3 1111.1 122.0 368.1
C 218 0-9 5 96.8 89.5 877804.2 687082.0 776610.2
C 364 10-19 15 85.7 71.6 998731.4 533808.5 730158.5
C 455 20-29 25 67.5 57.3 530296.5 262272.4 372937.2
C 550 30-39 35 36.2 45.9 4462.7 86930.2 19696.4
C 195 40-49 45 33.3 36.7 0.0 2275.8 0.0
C 14 50-59 55 21.4 29.4 1984.1 214.4 652.2
C 0 60-69 65 0.0 23.6 0.0 0.0 0.0
C 1 70-79 75 100.0 18.9 4444.4 209.6 -965.2
x൲ج y൲ج ڐ˄ ڐ˅ ڐˆ































Example to calculate determination coefﬁcient for a prediction of deterioration progress of open canal
Table 4-10　推移確率の決定係数算定例

























R2=0.7903༟Ҡஶƶԥ ׼ ພ ై঎༲ȃȮȈȦáஷ้â ǻțáஷ้â0%10%20%30%40%50%60%70%80%
90%
100%
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76
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༟ҠஶC ༟ҠஶB ༟ҠஶAC→B䠌4.6%  䟾B→A䠌2.9%R2=0.7073
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モデルの劣化度 Aに，健全度 S-3は劣化度 Bに，健全
度 S-4は劣化度 Cにそれぞれ対応している。







による劣化度 Cの割合の推移を Fig. 4-11に示す。Fig. 
4-11より，劣化度 Cの割合が，供用開始から 20年
で 100%→ 62%（38%減少），供用後 20年から 40年









































Single curve type prediction model of deterioration
Fig.4-10　単一劣化曲線モデルにおける健全度推移時間の変化
A change of soundness using single curve type prediction model of 
deterioration
Fig.4-11　開水路（土木）における劣化度 Cの割合の推移














化速度と見なすと，Fig. 4-11において，劣化度 C→ B


























































































































































































































































































































































Patching of irrigation canal surface by plastering method
Fig.5-2　 ポリマーセメントモルタルによる断面修復工法の標準
断面図














































































Typical cross section of resin concrete panel lining method
Fig.5-5　レジンコンクリートパネル工法の施工状況



























































Joint repairing method by water swelling materials
Fig.5-7　 水膨張材による目地補修工法の施工状況（関東農政局，
2008）
Joint repairing method by water swelling materials
Fig.5-8　応力機能目地工法の標準断面図
Typical cross section of joint repair method for concrete canal by 
rubber elasticity
Fig.5-9　応力機能目地工法の施工状況























































































































した場合，1mmの伸縮は 1mm/10mm=100,000× 10-6 の
ひずみに相当する。一般にコンクリートの伸び限界ひず










































































































Repair method with by cutting a U-shaped groove
Fig.5-16　接着型テープ工法の概要
Repair method with a structural bonding tape
Fig.5-17　開発した接着型テープ


















































































Mechanism of water-stoppage and elongation
Fig.5-19　漏水量測定試験






































(a)┠ᆅ࡬ࡢ᪋ᕤ≧ἣ                             (b)₃Ỉ㔞 ᐃヨ㦂≧ἣ 
  
(a) Ỉ㊰ᗏ∧࡟᪋ᕤࡋࡓࢩ࣮ࣜࣥࢢᮦ              (b) ࢹࢪࢱࣝᘧࣂࢿ⛗࡟ࡼࡿᘬࡁ๤ࡀࡋヨ㦂 
Fig.5-20　現地水路での漏水量測定試験
Water leak amount test at canal joint
Fig.5-21　180度引き剥がし試験






































月後が 100%，12ヵ月後が 133%，21ヵ月後が 167%と
 











































































































№3 986 1.35൲ج 1,034 1.45
№1 361 6.72
№2 345 6.51
№3 386 6.42൲ج 364 6.55
№1 452 6.74
№2 451 7.22
№3 444 6.79൲ج 449 6.92ȘȥǡȧǺȮ࢈ࠚڈǲÓȥȮǫ޳óȁÓȒ
  ඄ϳ໷ámmâ׼ࠟઑǣȘǨǲ࢈ࠚৣଆޱóȁÓȒ ޚપҼࢲáNâǲȥǮÓȮ࢈ࠚڈǲÓȥȮǫ޳óȁÓȒ
Fig.5-24　シーリング材単独の 180度引き剥がし試験結果
Result of peel strength test of sealant:180° peel
Fig.5-25　接着型テープの 180度引き剥がし試験結果
Result of peel strength test of structural bonding tape :180° peel
Table 5-1　目地伸縮追従性試験結果
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Studies on Technologies for Function Diagnosis and Simple Repair 
Methods for Concrete Canals
MORI Takehisa
Summary
Stock management is a system for appropriately maintaining the functions of the vast number of irrigation and 
drainage facilities in Japan. Carrying out stock management requires research on and development of technologies 
to diagnose the functioning of irrigation and drainage facilities, methods to forecast their deterioration, and suitable 
repair and reinforcement methods.  Therefore these studies are aimed at the following: (1) Analysis of defects arising in 
concrete irrigation canals, (2) development of a technology to investigate the inside of irrigation canal tunnels as water 
is ﬂowing, (3) formulation of a method to predict deterioration of irrigation and drainage facilities, and (4) development 
of a simple method to repair small concrete irrigation canals.
In Chapter 2, analysis of investigations of damage to irrigation canals from past earthquakes revealed the following: 
(1) Rising and uneven settlement due to liquefaction were common in irrigation canals on sandy ground; (2) when there 
were high embankments along a canal’s sides, canal sidewalls deformed and collapsed; (3) in cast-in-place concrete 
canals, concrete cracked and fell off near joints due to the effects of water stops; and (4) with precast concrete blocks 
and concrete panel canals, blocks and panels collapsed, and canals as a whole were deformed.
Breaking tests with specimens simulating a canal joint revealed the following mechanism of damage to canal joints 
by earthquakes: (1) When joints are compressed lengthwise along a canal, water stops are compressed in a way that 
pushes them into the canal body; (2) when the water stops are compressed, their ends tend to deform laterally across the 
canal, leading to tensile strain that exceeds the concrete’s critical elongation strain; and (3) as a result, cracks occur near 
the end of water stops.
In Chapter 3, a ﬂoat-mounted imaging device was developed to discover defects inside irrigation canal tunnels as 
water is ﬂowing, and which was evaluated for the performance with ﬁeld tests. It was found that the device is accurate 
enough to detect cracks of 2 mm or greater width, and that it can also be used to detect toxic gases inside tunnels and 
otherwise conﬁrm a tunnel’s safety before visual inspections by people.
At the same time, problems remain to be solved: (1) the device sometimes overlooks defects when its horizontal 
orientation changes; (2) it is difﬁcult to accurately determine the location and size of an defect; (3) analysis of recorded 
images is difﬁcult when the water is ﬂowing fast; and (4) underwater images are affected by water transparency.
These problems necessitate, for example, future research on attitude control technologies to enable us to obtain 
stable images, and imaging technologies that are not affected by water ﬂow velocity.
Further, an existing underwater robot camera was evaluated for the performance. And it was confirmed that it 
was able to measure the width of cracks in canal walls in highly transparent ﬂowing water, but that it had difﬁculty 
taking images when transparency of the ﬂowing water was poor. It is therefore necessary to research other inspection 
technologies such as sonic water leakage detectors.
In Chapter 4, analysis of the current state of techniques to predict the deterioration of bridges, pavement, and port 
facilities revealed that many deterioration forecast models use Markov chains. And a deterioration forecast model that 
applies Markov chains was created by using results of function diagnosis of irrigation and drainage facilities throughout 
Japan. The deterioration trends of irrigation and drainage facilities were analyzed with this model, and this analysis 
revealed the following: (1) The ease with which deterioration proceeds in the following concrete structures is indicated 
in order from greatest to least: Irrigation canals, pipelines, canal tunnels, pumping stations, head works, sluice gates, 
and dams. (2) Although the tendency for deterioration in mechanical equipment from greatest to least is dams, pumping 
stations, canals, and head works, differences in deterioration rates between structures are small, and mechanical 
equipment deteriorates at a faster rate than concrete structures. (3) With respect to electrical equipment, except for 
dams there is hardly any difference in the probability of transitioning from deterioration state C (sound condition) to 
deterioration state B (slightly deteriorated condition), and it is therefore about the same as mechanical equipment. Again 
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with respect to electrical equipment, the probability of transitioning from deterioration state B to deterioration state A 
(seriously deteriorated condition) was far greater for canals and head works than for other structures, which indicates 
that much equipment is replaced soon after having been found to be deteriorated. (4) Buildings exhibit roughly the 
same deterioration as concrete structures.
Further, comparing the Markov chain model with a quadratic curve type deterioration forecast model found that 
both models showed the same deterioration trend; that is, the more deterioration proceeds, the faster it proceeds. But the 
Markov chain deterioration forecast model has some problems such as difﬁculty in forecasting for certain parts. This 
will necessitate accumulating year-on-year function diagnosis data categorized by facility and material, and creating 
deterioration forecast methods tailored to individual deterioration mechanisms.
In Chapter 5, analysis of the defects seen in small concrete irrigation canals and the existing repair methods revealed 
that most defects are damaged joints, and that the materials mainly used to repair joints are cement mortar and resin. It 
was also revealed that places repaired using cement mortar materials often deteriorate again, as when the repair material 
cracks or falls off. This is probably due to the inability of repair materials to keep up with the expansion and contraction 
behavior of the joints in response to temperature changes. And it was also revealed that cracks and other deterioration 
occurred again in places repaired using resin sealants. This is probably due to UV-caused deterioration. Further, existing 
joint repair methods require widening joints with a disk grinder, showing that procedures must be made simpler.
Next a simple joint repair method using a sealant combined with a covering tape was developed, and which was 
evaluated for the performance with laboratory and ﬁeld tests. These tests revealed the following: (1) Leak tests found no 
leaking in laboratory or on-site irrigation canals, showing that the method has good sealing performance. (2) Comparing 
the adhesive strength of sealant alone found that polyurethane resin sealant is better than silicone resin sealant. (3) 
Covering the polyurethane resin sealant with the covering tape improves the adhesive strength of the sealant. (4) 
Polyurethane resin sealant combined with the covering tape has the ability to expand 6.92 mm. (5) The developed repair 
method is simple enough to allow farmers with no such repair experience to perform the operation in a short time. (6) 
Field tests found that the developed repair method has enough durability so that defects will not appear for two years 
after repair.
Future research will determine the adhesive strength required of the sealant in combination with the covering tape, 
and will use a follow-up study on repairs made in the field to verify whether the developed repair method has the 
intended number of durable years (three to ﬁve years).
Keywords: stock management, irrigation canals, damages, breaking test, Markov chains model, simple repair methods
